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SODIUM CONTENT OF THE RENAL MEDULLA DURING OSMOTIC DIURESISt
The hypertonicity of interstitial fluids of renal medulla and papilla, present
during antidiuresis, is reduced during water diuresis. This is the result of
a decrease in the absolute amount of sodium in the medulla and papilla as
well as dilution by an increase in the tissue content of water."2
It is not clear whether the decrease in tissue content of sodium which
accompanies water diuresis is a specific result of the removal of endogenous
antidiuretic hormone (ADH) or whether it is a passive consequence of the
increase in flow of urine and blood through the medulla, which might be
associated with any diuresis. Massive osmotic diuresis has been shown to
wash out the gradient of sodium content per unit of dry tissue which
normally exists between cortex and papilla.' Lesser degrees of osmotic
diuresis induced by urea and sulfate4 were found to diminish the concentra-
tion of sodium in the medulla, but it is not clear from these experiments
whether the total content of sodium was decreased.
The present experiments were designed to compare water diuresis
(absence of ADH) with mannitol diuresis of the same magnitude (presence
of ADH) from the standpoint of their effects upon renal medullary content
of sodium, at comparable rates of urine flow. Both procedures were found
to lower sodium in medullary tissue to the same extent. These results
indirectly support the view that the most important factor lowering medul-
lary sodium during water diuresis is an increase in medullary blood flow,
rather than the removal of a specific influence of ADH upon sodium
transport by medullary tubules.
METHODS
Female mongrel dogs weighing 8 to 14 kilograms which had previously
been tested after 24 hours of food and water deprivation and found to have
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a normal maximal urine concentration (1,500 milliosmols/kg) were used.
The ration of standard laboratory chow was supplemented with one-half
pound of horsemeat daily.
Under pentobarbital anesthesia osmotic diuresis was induced in six
dehydrated dogs by the intravenous infusion of 5 per cent mannitol in water.
The rate of infusion was increased until a urine flow of about 0.25 cc/min/
kg. was obtained. This corresponded to the average urine flow of another
comparable group of dogs previously studied while they were undergoing
TABLE 1. URINE FLOW, OSMOLALITY, AND SODIUM CONCENTRATION IN DoGs
DURING MANNITOL AND WATER DIURESIS AND AFTER DEHYDRATION
Osmolality Sodium Urine flow TcH,O
(mOsm/kg.) (mEqIL) (cc/kg/min.) (cc/kg!miti.)
Mannitol
(6 dogs) 538 ± 75* 81.7 39.8 .27 ± .06 .26 ± .07
Water diuresist
(5 dogs) 61.2 20 3.8 5.1 .25 ±.1
Dehydrationt
(5 dogs) 1,790 + 187* 58.7± 53.9* .02 ± .01*
Values shown are mean ± standard deviation.
* Difference from water diuresis is significant (p < 0.05).
t Previously reported.'
water diuresis in the unanesthetized state.' Aqueous vasopressin was infused
throughout the experimental period at a rate of 50 milliunits/kg/hr.
At the conclusion of an experiment, the kidneys were rapidly removed
and samples of papilla, medulla and cortex were frozen. The methods used
have been described previously.' The mean sample weights were as follows:
papilla 136 mg.; medulla 401 mg.; and cortex 824 mg.
Indirect flame photometry was used to determine sodium in tissue digests
and urine and a Fiske osmometer for urinary osmolality. The results of the
present experiment were compared with those previously obtained in un-
anesthetized hydropenic dogs and in dogs undergoing water diuresis.'
RESULTS
Medullary and papillary sodium were diminished during modest mannitol
diuresis and water diuresis, when compared with values obtained in dehy-
drated dogs excreting maximally concentrated urine (see Tables 1 and 2).
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Under the conditions of these experiments, a gradient for sodium between
cortex and papilla was maintained during mannitol diuresis at a time when
the tubular reabsorption of water (T'H20) was maximal.
Urine elaborated during mannitol diuresis was hypertonic to plasma and
contained more sodium than dilute urine excreted during water diuresis.
Nevertheless, there was no difference in sodium content of cortex, medulla
or papilla whether referred to water or dry solids, between the two experi-
mental states.
TABLE 2. SODIUM AND WATER CONTENT OF KIDNEY TISSUE DURING
MANNITOL AND WATER DIUREsIS AND AFTER DEHYDRATION
Sodium
(mEq/kg. H,O)
Papilla
Mannitol
(6 dogs)
Water diuresis
(5 dogs)
Dehydration
(5 dogs)
Medulla
Mannitol
(6 dogs)
Water diuresis
(5 dogs)
Dehydration
(5 dogs)
Cortex
Mannitol
(6 dogs)
Water diuresis
(5 dogs)
Dehydration
(5 dogs)
134.7 15.8
118.5 6.8
276 + 58*
147.5 + 24.9
157.0 + 13.4
212 + 31.7*
71.0+ 6.8
88.8 + 12.7
92.8 + 10.3
Sodium
(mEq/100 gm.
dry solids)
104.6 + 15.8
98.0 + 2.0
144 +58*
129.7 + 16.8
139.0 + 9.1
165 + 4.4*
38.6 5.3
44.3 + 6.4
36.3 4.2
Water
(gm/iO gm.
wet tissue)
88.6 + 0.8
89.2 0.7
84.0 0.8*
89.8 + .74
89.9 + 0.75
88.6±1.4
84.4 0.91
83.3 + 0.85
79.6 + 0.94*
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t Previously reported.'
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It should be noted that a special effort was made to compare the tissue
composition of the kidney during osmotic diuresis with that present during
water diuresis at comparable rates of urine flow.
DISCUSSION
Malvin and Wilde8 reported that during massive osmotic diuresis induced
in dogs by infusing 20 per cent mannitol at 10 ml. per minute, the normal
concentration gradient of sodium from cortex to medulla disappeared.
Because such large osmotic loads often produce urines which are isotonic
or hypotonic with respect to plasma, it was not clear from their experiments
whether milder osmotic diuresis, associated with the production of hyper-
tonic urine and a positive T'H2O, would also be accompanied by a fall in the
sodium content of renal medulla.
The present experiments demonstrate that osmotic diuresis of this
magnitude is associated with a fall in medullary and papillary sodium, but
that a gradient in sodium concentration persists between papilla and cortex.
This fall in medullary sodium concentration occurs not only as a result of an
increase in the water content of renal tissue, but also because the absolute
amount of sodium per milligram of dry solids is decreased below the value
observed during hydropenia.
Medullary and papillary sodium content fell during osmotic diuresis
despite the infusion of large amounts of ADH, and did not differ signifi-
cantly from that previously found in the kidneys of dogs undergoing water
diuresis with comparable rates of urine flow. During both osmotic diuresis
and water diuresis, reabsorption of water from the collecting ducts is
probably greater than during hydropenia,5 and medullary blood flow in-
creases.6 The rate of flow of urine through the loops of Henle is increased
during osmotic diuresis, as a result of decreased reabsorption in the proxi-
mal tubule.7 The fact that the sodium content per unit of dry weight of
medulla and papilla is diminished to the same extent by osmotic diuresis in
the presence of ADH, and by water diuresis when ADH is presumably
absent, strengthens the hypothesis that an increase in medullary blood flow
and perhaps in the flow of urine through Henle's loops are primarily
responsible for the fall in sodium content which accompanies both types of
diuresis. ADH might promote sodium accumulation in the renal medulla
by enhancing the active reabsorption of sodium by cells lining the loops of
Henle. The present experiments do not rule out such an effect, but if pres-
ent, its influence on the quantity of sodium per unit of dry tissue in the
medulla must have been offset by the increase in removal of sodium by
blood, tubular urine, and final urine, associated with osmotic diuresis.
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